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(54) Permeable cements 

(57) A permeable cement composition comprises 
an aqueous slurry of a hydraulic cement including a wa- 
ter-immiscible dispersed fluid phase, such as oil or gas, 
and a hollow particulate material, the hollow particulate 
material being one which breaks down in the presence 



of the cement so as to leave voids which together with 
the dispersed phase create a permeable structure in the 
cement. 
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Description 



[0001] The present invention relates to DermeabiP romo„* ~ 

tions for use in oil or gas wells, or the like * composrtions. in particular permeable cement composi- 

[0002] In many oil well applications, cement is used both 

Ration between the different fluid-producTn X^^JZZFV CaSi " 9 ,he We " and to zonal , 

• desirable for the cement to have veiy ^h^t^^^T "** We " passes - ln su <* cases" 
pass therethrough, typically measured* ZS^SSSZ"^ T* ° f 3 m3,en ' 31 t0 a " OW a «"«"<> 
Fluid communication between the formation and the *2S£ZZJ!? . * t0 3 9 ' Ven f,Uid ' oil or «*ter). 
- producingzonesof interest. However, there arTcertain^n^ USe ° f P erforati "9 charges placed next to the 

Typical*^ 

near the well while still allowing flow from ^fJL^^JS^^T^ !° ,he f ° rmafion or casi ^ner 
STZZi fo ™«°" -hich ^J5K£" SUCh eXamP ' e iS the -e 



T00031 Thom h a „ fl u . 'quires staDilization. * 

be treated, see for example US 3,429 373- US 3 ££ m .c^f ^ 3 n y drocarb °n for injection into the zone to 
US 3 861,467; US 3,862.663; and US SmSS^SSSK? US3>654 ' 991 ^S3,654, 992; US3 7 £ i ; 
can be removed to leave porosity and mZ^SSSl T ™ ? ' ^ inco * ora «"9 a materia tha 
example RU 2019689 and US 6 202 751 A vet further dlssolut,on w *h acid or decomposition by heat see for 
■ foam qualities (foam quality is the ratio 0 f iXSZSS!^! V° " toBra>d cemente - o«enU exSme 

[0004] Each of the prior proposals has one or more 22w££fi! P , Ca " be f ° Und in US 5 ' 339 - 902 - 
slurry, low compressive strength of the set cea^^^^^ mCU,ty ,n producin 9 a P um Pable 

some or all of these ^ problems . ' nVen,, ° n ,0 Pr ° Vide permeable ce ™t compositions that obviate or mitiaatP 
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ronnfii n ■■••uyaic 
hydrau,^ 

jculate material being one which breaks down ZTeTe^lolZT * °"° W PartiCU ' ate material ' ,he "°»°w par- 
he dispersed phase create a permeable structure in me cement " " * *«" V ° idS *"* ^ether 1 
.JabS 

which can make the slurry difficult to form or place STSS1222r^l^ "" h 35 h ' 9h f0am ^ alities - 
like matenals, break down due to the chemical and vSSS^S^^J^ ^ a,uminosili oate °r other glass 
matenals "release" their porosity and assist in nZ«! . T 6nt ,n the settin 9 cement - In breaking down these 

sizes ,n the range 350 - 50 microns and can be present^„^l P T h °"° W Spheres havin 9 aver age 
matenals used to form the slurry. A suitable sounTrts^ ^*^™ 10% and ^ * volum a of the dry 
from Envirospheres Pty Ltd of Australia. These are avaS 3 ' S ' S ,he SL range of E ' S ^ Products 

micron, 290 micron and 320 micron 3b ' e Va "° US size 9'ades, ^ example 56 micron, 1 00 - 180 

Kem T ^ 

as blastfurnace slagorflyashorn^aT^ 

h a ;z= a,s ° — - — p - ™^^^ 

So^^ 

parfcte sizes in the range 0.1-10 micron. AmoiK£^E& ' miCr ° nS ' 3nd ,ine partic,es havin 9 
of particle, namely a Portland cement, fine particles wT Zn S K r!? S / o COmbina « on comprising four types 
very coarse particles (more than 200 microns) is £^^£2? 3 "? h ° llow ^ospheres^nd 
part.de s,zes or medium and fine particle sizes or coarce and ^1 °?? ' SySt6mS US,ng on,y coarse a "d fine 
can be constituted by a micro-cement in some cases and TlZ oa«l ™ ^ The ,ine P arti <='es 

the coarse particles if required. The hollow particles a^pS HZ ?J£ °Tf °" C ° mpriSe SOme or part of 
medium particle size range. VP Cally In tne 003,36 Particle range but can also fall in the 
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is over 105°C, silica is added in a proportion of 30% to 50% by weight relative to the cement, as is known in the art to 
prevent retrogression of compressive strength. 

[0012] The coarse particles (e.g. hollow spheres, haematite, large particle size cement, etc.) can be present in an 
amount of up to 80% by volume, preferably 30% - 80% by volume, more preferably 30% - 60% by volume, of the solid 
s materials used to make the slurry. The medium particles (e.g. Portland class G cement, hollow spheres, etc.) can be 
present in an amount of up to 90% by volume, preferably 1 0% - 90% by volume, more preferably 30% - 60% by volume, 
of the solid materials used to make the slurry. The fine particles (e.g. Portland micro-cement, slag, etc.) are preferably 
present in an amount of 0% - 40% by volume, more preferably about 10 % by volume, of the solid materials used to 
make the slurry. 

10 [0013] The liquid fraction of the slurry is typically in the range 38% - 50% by volume of the slurry when the dispersed 
phase is a gas. When the dispersed phase is oil, the water fraction can comprise 38% - 50% by volume of the water 
and solids combined and the oil 40% - 60% by volume of the total. 

[0014] In the case of an oil emulsion, the use of degradable surfactants can be used to mitigate some of the detri- 
mental effects on the cement setting mechanism. Suitable degradable surfactants are, for example, ethoxylated castor 
is oil surfactants of various ethoxy chain lengths such as those sold by Akzo Nobel under the Berol trade name, e.g. 
Berol 108, B27, 829 and 192 (in order of decreasing chain length). 

[001 5] Also falling within the scope of the invention are the following remedial applications of the cement compositions 
described above: 

[0016] Stopping sand production from a well. When the reservoir is constituted by unconsolidated or poorly consol- 
20 idated sand, or by poorly bound sandstone or where the formation matrix can be easily dissolved by water, fluid flow 
into the well entrains grains of sand. The production of sand can lead to a stoppage in well production. To avoid such 
a situation, a gravel pack or filter screens are normally installed inside the well to stop the sand. Over time, these can 
become soiled or blocked with fine particles and replacing them is difficult and expensive. Placing a permeable cement 
according to the invention behind the casing and producing the formation fluids through this layer can prevent sand 
25 production into the well and prevent it from becoming necessary to perform the standard operations. 

[0017] The permeable cement compositions of the invention have the advantage over conventional solutions in that 
a permeable pack can be made without requiring fluid leakoff to concentrate a solid slurry. 

[0018] When gravel-packing (or frac-packing) long intervals and/or heterogeneous permeability formations excessive 
leakoff may occur in certain areas leading to premature screen out and incomplete packing of the annulus. This has 
30 previously been overcome by mechanical means (shunt tubes). Permeable cement according to the invention will 
provide a chemical means to do the same job by being able to form a permeable-pack without requiring leakoff and 
hence avoiding the potential for screen-out and the need for mechanical placement technologies that anticipate this 
and provide alternative flow paths. 

In some sand-producing formations, where some form of sand control was not used initially, hydrocarbon production 

35 has led to caverns/voids being formed behind casing. The size of the caverns is unknown (no tools are available to 
measure the size). In such a situation, to stop further formation sand production and/or to support the casing, a con- 
ventional method would be to pump curable resin-coated proppant slurry Into the cavern. Ideally with leak off this would 
concentrate the slurry forming a permeable consolidated pack in the cavern. However, as the size of the cavern is 
unknown it is impossible to design a treatment that would guarantee that the entire cavern would be filled. For example 

40 if the leakoff rate is higher than expected then the slurry could dehydrate too quickly causing an early screen out 
perhaps leaving the cavern only half filled. However, with permeable cement according to this invention, it is possible 
to continue pumping to fill the entire cavern. If the cement displaced reservoir fluid back into the formation quickly in 
one area as soon as the cement reached the rock face it would not go any further. The slurry behind is still pumpable 
(not dehydrated) so that continued pumping would force the cement to fill the entire cavern. 

45 [0019] Simple replacement of the cement behind the casing. This can be carried out with a conventional cement, 
but then the casing and the new layer of cement needs to be perforated again to re-connect the well to the reservoir, 
with the risk of the connection not being made if the cement layer is thicker than planned or perforation is not deep 
enough. Injecting a permeable cement according to the invention avoids the need for perforation and typically costs 
less and guarantees that connection will be established in all cases. 

so [0020] Applications of the permeable cement compositions in primary cementing operations are also possible, as 
follows: 

[0021] When the strength of the formation is sufficient to allow it, or when the well is highly deviated the cost and/or 
difficulty related to effectively placing a casing are avoided by carrying out what is known as an uncased or barefoot 
completion. Sand packing or gravel packing can then be installed if the reservoir might produce sand. A preperforated 
55 blank liner can also be employed. Placing a layer of permeable cement at the surface of the well walls can avoid the 
need for such operations. Furthermore, when the formation of the reservoir is not sufficiently strong for that type of 
simplified completion and it would otherwise have been necessary to put a casing into position with cementing between 
the casing and the well wall, putting the permeable cement of the invention into position can reinforce the sides of the 
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WW* Wh n e nl d "Tr' ? " 0381,19 3nd SUbSequent P erfora «°" thereof. 
10022] When completion with a casing is unavoidable because th« ^u.,. ,, 

Placing the permeable cement of the invention oXee tf^Z i T™ 0 " ' S ^ ^ consolida « ad . 

cement, can avoid the need for installing SSTj!?- ° f ^ '"^ ° f 3 COnventional 

[0023, The invention - now be deseed by^X KSS^'JSZ ~ 

EXAMPLE 1 

^^S^i«t5S^ te ^-* * C ° mpriSeS 3 C,ass G c — and water such 
(aqueous mixture of PoWy^TJZ^s^ZtZ^ ^ ^ h f ° amed after addin 9 surf ^nts 
alcohol ethoxysulfate chain -enS^ 

foam quality of 40% (i.e. the volume of the cam represent d Z'o t^Z T * P ° Wdef ' t0 ° Wain a 

[0025] The compressive strength and wate pZSTa^ ™ «T 7 ° f f ° amed S,Urry) ' 

temperatureandatatmosphencpLsurefofSfouTS ™ '*« at ambie " 

L e , XP r SSed in MPa ' "** P° Unds P" Sduare (psi)in brackets C,or5da ^. The compressive strength 

S3 to£?5is o3r ;: d in ac r ance Mth the invemion is "-"*- - «"*««* 

size of arf^^s ^ 3oiC urn f hXw 222 V ° IUme °' ^ a mean 

of class G Portland cement and IwC^^pSSJJTnT ' ^ °' 18 ° miCr ° nS; 30% by VOlume 
Water and a polynaphthalene .u*rwil^£^ "lf an size of ab °* 3 microns, 

powder are mixed with this oowdpr s.irh th=. «. , p,ast,c,zer ,n an amoun t <" 0.07 gallons per sack (0.006 l/kg) of 

thatasackof P^SS^^^^S^ °' "SS * 40% " " Sh ° Uld be ™ 
1gps = 0.0834 of additive per kg of^Sre ' ^^^^^of mixture. In other words, 

S OMOVS voCe Si LZSt^ ~ 38 " *"» * <0 a 



Slurry 


A (reference) 


B 


Porosity before foaming 


59% 


40% 


Compressive strength, MPa (psi) 


5.93 (860) 


5.59 (810) 


Water permeability (Darcy) 


0.008 


1.2 



coZss-:^^ *• «p of the invention can provide compare 

initial pomsity of the slurry. demonstrating dramatically increased permeability, despite the lower 

EXAMPLE 2 

Sale p'reSatdXa^ 68 ^ " aC *° rdanCS the ^ b « <° a ™ d *h Cerent foam qual- 

i^SS^^S^^sS^ by volume of haematite partic,es witb a mean - °< 

Portland cement and 10%*^S!£ZS2 ^ ^"T* ^ 3 ° % by V °' Ume of class G 

a polynaphthalene sulfonate-based superS *e in aZS ' T" °' ab ° Ut 3 Wa,er and 

mixed with this powder such that the volume oe^cen aoe of^nn h 1 1 ? °" S P6r S3Ck ° f P ° Wder (0 006 W ™ 
basic slurry and the slurries foamed to obtain TZTZ^Tw tl £?< ^ 3re 3dded to the 

foam volume represents 30% of the final volume ofThe stry) Q * * 3 ° % mea " S that ,he 



Slurry 


CI 


C2 


C3 


C4 


C5 


Porosity before foaming 


40% 


40% 


40% 


40% 


40% 


Foam quality 


30% 


35% 


40% 


45% 


50% 
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(continued) 



Slurry 


CI 


C2 


C3 


C4 


C5 


Compressive strength, MPa (psi) 


8.27 
(1200) 


6.90 
(1000) 


5.59 
(810) 


4.48 
(650) 


2.83 
(410) 


Water permeability (Darcy) 


0.0045 


0.160 


1.2 


6.1 


>12 



[0032] The compressive strength and water permeability are measured using samples which are left at ambient 
temperature and at atmospheric pressure for 48 h then in an oven at 85°C for 5 days. 

EXAMPLE 3 

[0033] The properties of two slurries prepared in accordance with the invention, both containing self-destructive 
particles but with coarse particles of differing size and nature, are presented and compared: 
Slurry D: A mixture of powders is prepared comprising 30% by volume of haematite particles with a mean size of about 
300 microns; 30% by volume of hollow cenospheres) with a mean size of 180 microns; 30% by volume of class G 
Portland cement and 10% by volume of a Portland/slag micro-cement with a mean size of about 3 microns. Water and 
a polynaphthalene sulfonate-based super-plasticizer in an amount of 0.07 gallons per sack of powder (0.006 l/kg) are 
mixed with this powder such that the volume percentage of liquid in the slurry is 40%. 

[0034] Slurry E: A mixture of powders is prepared comprising 30% by volume of calcium carbonate particles with a 
mean size of about 500 microns; 30% by volume of hollow cenospheres with a mean size of 180 microns; 30% by 
volume of class G Portland cement and 10% by volume of a Portland/slag micro-cement with a mean size of about 3 
microns. Water and a polynaphthalene sulfonate-based super-plasticizer in an amount of 0.07 gallons per sack of 
powder (0.006 l/kg) are mixed with this powder such that the volume percentage of liquid in the slurry is 40%. 
[0035] These two slurries are foamed using the same procedure, after adding surfactants as in slurry A, to obtain a 
foam quality of 35% (i.e., the volume of the foam represented 35% of the final volume of the foamed slurry). 



Slurry 


D 


E 


Porosity before foaming 


40% 


40% 


Compressive strength 


6.90(1000) 


5.79 (840) 


Water permeability (D) 


0.160 


0.270 



35 

[0036] The compressive strength and water permeability are measured using samples which are left at ambient 
temperature and at atmospheric pressure for 48 h then in an oven at 85°C for 5 days. 

Example 4 

40 

[0037] A formulation demonstrating good properties with 60% particles of average size between 20 and 50 microns 
and 30% of large particles. 

[0038] A powder blend is mixed containing 1 0% by volume mix portland micro-cement/slag, average size 3 microns, 
60% class G cement and 30% hollow spheres of average size 320 microns. Water and polynaphthalene sulphonate 
45 dispersant (0.07 gallons per sack of powder blend, 0.006 l/kg) are added so that the volume of liquid in the slurry is 
45% and the slurry is foamed as above to obtain a foam quality of 40%. 

[0039] The slurry is heated in a sealed container for two days at 85°C. The resultant cement has a permeability of 
1 .2 darcy and a compressive strength of 910 psi. 

so Example 5 

[0040] A formulation demonstrating that high permeability can be obtained with two particle sizes only and with 40% 
fine particles. 

[0041] A powder blend is mixed containing 40% by volume Portland micro-cement/slag, average size 3 microns, 
55 30% hollow spheres of average size 180 microns and 30% hematite of average size 300 microns. Water and poly- 
naphthalene sulphonate dispersant (0.07 gallons per sack of powder blend, 0.006 l/kg) are added so that the volume 
of liquid in the slurry is 45% and the slurry is foamed as above to obtain a foam quality of 55%. 
[0042] The slurry is left in a sealed container for two days at ambient temperature and then 5 days in an oven at 
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85°C. The resultant cement has a permeability of 13 darcy and a compressive strength of 300 psi. 



Example 6 



S3 ™!~^^£^r°* ? {4 7t ,oam ' 30,4 — * "» — «» 



Example 7 

f!!S r ermeab ' e Cement Can be mads witnout lar 9 e Particles 
Emulsion formulations 

oil depending on the LacBm) ° *" <"*""' «* »■""' or cement phas . , „ 

Example 8 

is used as in the team to mwmo^i^^^^^^^^^^^^''^'^ 
l/kg) and oil is added so as to E«?S£!j^£2? *, ° " 9a "°" S sa * 01 <° «» 

Th. slornes „ placM in .„ „e„ tor 2 C2wC °" " 3 linM ' a ** a0 ** i "' 

Example 9 

above. Oi, is added at 40%. 50% " « T^SZ^Z S,!? *»^< * in ,h. foam .xampfes 
The alprrtes ar. placed in an oven to, 2 days at 85-c ' S usM * •» »'™s ol oil added. 

to water ol 61 md. iJ^* dome,**,,, aBenoth to water ot 349 pa, 60% „„ sllmy: pemH^lity 

™«.*«no„* te ,to„^ 
Example 10 

S n,* g ated S ' a * 9raaa6 ' e ^ " Wa «" *™»< - • P-"""* state,, as <teeon brt abova 
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above. Three ethoxylated castor oil surfactants are used with decreasing ethoxy- chain lengths - surfactant A > sur- 
factant B > surfactant C. The surfactants are used at 0.06 gallons per sack of powders (0.005 l/kg). Oil is added so as 
to be 40% of the volume of the total emulsion system. The oil used is a linear alphaolefin. The fluids are placed in an 
oven for 2 days at 85°C. 

5 [0057] Surfactant A system: permeability to water of 0.1 md, compressive strength 618 psi Surfactant B system: 
permeability to water of 4.5 md, compressive strength 449 psi Surfactant C system: permeability to water of 75 md, 
compressive strength 1208 psi 

Example 11 

10 

[0058] A powder base is made up with 1 0% micro cement, 30% class G cement, 30% hematite, 30% hollow spheres. 
The powder is mixed with water and dispersant (total 40% of slurry volume) and the resulting slurry placed under 3000 
psi pressure for 1 0 minutes to simulate the effect of well pressures on the hollow spheres (some may break). The slurry 
is then foamed to 40% quality and put in a sealed cell for 2 days at 85°C. After setting the initial permeability to water 
15 is 8.9 Darcy decreasing with time and rate to 3 Darcy. The permeability to oil of the same sample is 13 Darcy increasing 
to 19 Darcy with time and rate. The difference in permeability to oil and water will allow preferential production of oil 
from a formation producing both oil and water. 



20 Claims 

1 . A permeable cement composition, comprising an aqueous slurry of a hydraulic cement including a water-immiscible 
dispersed fluid phase and a hollow particulate material, the hollow particulate material being one which breaks 
down in the presence of the cement so as to leave voids which together with the dispersed phase create a per- 

25 meable structure in the cement. 

2. A cement composition as claimed in claim 1 , wherein the hollow particulate material comprises micro-spheres or 
cenospheres. 

30 3. A cement composition as claimed in claim 1 or 2, wherein the hollow particulate material has particles sizes in the 
range 350 - 50 microns. 

4. A cement composition as claimed in any of claims 1 - 3, wherein the hollow particulate material is present in an 
amount of 10% - 60% by volume of dry materials used to make the slurry. 

35 

5. A cement composition as claimed in any preceding claim, wherein the dispersed fluid phase comprises air, nitrogen 
or oil. 

6. A cement composition as claimed in any preceding claim, wherein the cement comprises Portland cement, poz- 
40 zolanic material, blast furnace slag, fly ash, pozzolana, calcined clays, high-alumina cements, plaster, Sorel ce- 
ment, or activated pozzolanic cements. 

7. A cement composition as claimed in any preceding claim, wherein the slurry comprises solid materials including 
a combination of at least two of a fine particulate material having particle sizes in the range 0.1 - 10 micron, a 

45 medium particulate material having particle sizes in the range 20 - 60 micron and a coarse particles having particle 

sizes in the range 100 - 800 micron. 

8. A cement composition as claimed in claim 7, wherein the fine particulate material comprises micro-cement. 

50 9. A cement composition as claimed in claim 7, wherein the coarse particulate material comprises large particle size 
cement. 

10. A cement composition as claimed in any of claims 7 - 9, wherein the hollow particulate material comprises the 
medium or coarse particulate material. 

55 

11. A cement composition as claimed in any of claims 7 - 10, wherein the coarse particulate material is present in an 
amount of 30% - 80% by volume of dry materials used to make the slurry. 
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12 - ^rb^ 

13 - :=arsr sr ^rr^^;^^r r c m particu,ate materiai is — in 
17 ^ m a? sMs- r. r comprises a ,iquid frac,ion in the 

19. A cement composition as Caimed in any preceding Cairn, wherein the siurry further comprises a degradab.e sur- 

20. A cement composition as Caimed in claim 1 9, wherein the degradabie surfactant comprises an ethoxy,ated castor 
21 " c^T^ " C ' aimed ^ ^ ° f C ' aimS 1 • 18 ' ^ ei " « ha ^comprises a surfactant with a 
22 ' theT^and ^£^£^2^ * ^ ^ 3 <*™<* 

create a permeab.e -miETl^iSir^ * ^ ^ ™ th the dispereed P hasa 

22^^^^°^ ST ? Urfy in, ° a " annU ' US ar ° Und 3 Casi ^' — n or 

cement including a wlteNmmS ES^^STTS H C ° mpriSin9 3 " aqUe ° US Slurr * of a 
material being one which ZS^TtZ^Sii^ * h0 " 0Wparticulate materia| . *e hollow particulate 
dispersed phLe create a ^2^2^^^ S ° 35 to ^ VOids which to ^her with the 

of a hydraulic cement' including J 3^2^^^,^ ^r^" 9 3 " aqUe ° US S,U "* 
hollow particulate material being one wh ich breate doS WnT ™« ,1 3 °"° W P3rtiCU ' ate material " the 
together with the dispersed phie c^r^^ 

^ ^7^^ «* -P*- ^"9 a cement slurry into the 

cement including a waterSSbieto^dSw^T^ k7 C ° mP " Sin9 3 " 3qUe ° US ^ of a h y draulic 
material being one which Zta 1SZZ*£!Z^Z? * h0 "° Wparticu,ate materia| . »• hollow particu.ate 
dispersed phase create a ^^JZ^^*™ " " * *"* ^ ^ *• 

with an oil water ratio higher than ^ 
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hollow particulate material, the hollow particulate material being one which breaks down in the presence of the 
cement so as to leave voids which together with the dispersed phase create a permeable structure in the cement. 
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